CF can associate with TBP, but while TBP and the UAF Though little is known of the changes that occur in vivo, are required for PolI transcription in vivo, they are not one would suspect that, given the longevity of riboessential in vitro and neither is the upstream promoter somes and the highly variable proliferation rates of difelement (UE). TBP, UAF, and the UE are, however, referent somatic cell types, rRNA transcription rates must quired in vitro for a high-level transcription. This is remibe regulated over a wide range if neither a ribosome niscent of the mammalian data, where SL1 and the core deficit nor an overproduction is to occur.
ment. UBF is able, through three of its HMG1 boxes, to induce a chromatin-like structure, the enhancesome, in which about 140 bp of DNA is looped into a single turn (Paule, 1998, chapter 7; Stefanovsky et al., 2001 , and references therein). Two such adjacent structures may occur at the PolI promoter, possibly explaining the cooperative recruitment of SL1 to the UCE and core ( Figure  1D ). UBF may also recruit PolI, perhaps via the polymerase-associated factor PAF53 (RPA53 in yeast)(see Paule, 1998 , chapter 8; Voit and Grummt, 2001, and references therein). It can also displace histone H1 and thus compete with the repressive effects of chromatin. Thus, UBF may function both at the level of gene activation, by displacing repressive chromatin, and during the formation of the preinitiation complex. Considering the role of UBF in SL1 and PolI recruitment, it was very surprising to realize that UBF binds indiscriminately throughout the rRNA gene locus (O'Sullivan et al., 2002, and references therein). The precise positioning of UBF on the PolI promoter is probably the result of a preferential phasing with respect to the underlying DNA structure, similar to that seen for the nucleosome of chromatin. These properties of UBF clearly make it unable to target SL1 and PolI to the promoter in the absence of other parameters such as a specific interaction of SL1 and perhaps PolI with the promoter DNA. Although UBF has been found in mammals, amphibia, and fish, no convincing evidence exists for a UBF homolog in other eukaryotes, and genetic screens in yeast have not identified any HMG1 box proteins implicated in ribosomal RNA transcription. However, given the chromatin-like role of UBF, i.e., its high abundance, low sequence selectivity, and ubiquitous presence throughout the rRNA genes, it remains possible that this function is replaced by one of the eight smaller HMG1 box proteins encoded in the yeast genome.
Silent rRNA genes display the classic nucleosomal chromatin structure. Active ribosomal genes do not display this structure but do remain associated with the core histones H3, H4, H2A, and H2B (Paule, 1998, chapter 20 and references therein). The UBF enhancesome understand how the plethora of regulatory interactions Regulation at each of these levels has been described it supports can specifically target the assembly of the for the PolI promoter. In several systems, two distinct preinitiation complex at the PolI promoter. CBP and Rb forms of PolI could be isolated, both capable of RNA could regulate global access to the rRNA gene chromasynthesis but only one of which was able to specifically tin via UBF and histone acetylation-deacetylation cyinitiate transcription in vitro. Loss of the initiation-comcles. However, how could Rb and perhaps p204 be tarpetent form was correlated with encystment in Acanthgeted to prevent SL1 interactions specifically at the PolI amoeba, stationary growth phase in yeast, and propromoter? Also, would not the large excess of UBF over longed serum starvation, glucocorticoid induced arrest, SL1 tend to sequester this factor away from the proand cycloheximide block in mammalian cell culture (see moter and "squelch" its activity? In fact, such squelching Paule, 1998, and references therein, chapters 11, 15, may have been the basis for in trans transcription sup-16, and 20). Subsequently it was found that yeast Rrn3p pression by the enhancers of the Xenopus rRNA genes and the serum-and cycloheximide-regulated factor TIF-(Paule, 1998, and references therein, chapter 18). Per-IA were interchangeable and that both were associated haps mechanisms of regulation via UBF do not directly with active PolI. Phosphorylation of PolI has been found affect preinitiation complex assembly at all but rather necessary for its interaction with Rrn3p (Figure 2) , sugthe ability of UBF to attract SL1 and PolI to sites throughgesting that rRNA transcription can be regulated by the out the rRNA gene locus from whence they may be availability of a PolI-Rrn3p complex (Fath et al., 2001 , handed over to the promoter. In this scenario UBF and references therein).
would, like chromatin, play several roles (i.e., gene activation, initiation complex formation, and transcription Mitotic silencing causes a temporary but complete enhancement) depending on its position on the rRNA it is not to regulate PolI transcription? Transcribed genes genes. Alternatively, the UBF molecules bound at the are generally more accessible and are therefore probapromoter could be differentially phosphorylated or acetbly subject to considerably more damage than inactive ylated and thus target SL1 and PolI to the promoter.
ones. During the life of an organism, the rRNA genes Elongation, a Key Factor in Regulation?
are probably subject to the most intense transcription Almost without exception, the well-known "Miller" spreads of all genes. Randomly silenced genes might, then, proof active rRNA genes show a close packing of transcription vide a source of pristine or perhaps just good "partly complexes. This suggests that it is in fact transcription used" genes that could replace irretrievably damaged elongation and not initiation that may be rate limiting.
ones 
